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EFFECTS OF ANGLE OF ATTACK AND BLUNTNESS ON THE 


SHOCK- LAYER PROPERTIES OF A 15° CONE 
AT A MACH NUMBER OF 10.6 
By Joseph W. Cleary 
Ames Research Center 


SUMMARY 


An experimental investigation was conducted to determine the effects of 
varying angle of attack and nose-bluntness ratio on the shock- layer properties 
of a typical conical entry body. Distributions of pitot and static pressures 
were measured across the shock layer of a cone with 15° semiapex. The measure 
ments were obtained from wind-tunnel tests in air at a Mach number of 10.6 
and a free-stream unit Reynolds number of 1.2xl0 6 per foot. Results are 
presented at fore and aft axial positions for several circumferential angles 
when at angle of attack. 

Pitot-pressure distributions demonstrate that the flow over the sharp 
cone was essentially conical except for the separated-flow region on the lee- 
ward side. Increasing bluntness ratio not only caused progressive deviations 
from conical flow but also affected the leeward flow-separation pattern. Com- 
parisons with inviscid theory show that because of bluntness, the flow 
remained attached on the lee side for an axial distance of several nose radii 
while farther aft, the flow separated in a manner similar to that of the sharp 
cone. On the windward side where the boundary layer was thin, inviscid theory 
accurately predicts the more salient properties of shock layers for both sharp 
and blunted cones. 


INTRODUCTION 


Knowledge of the effects of angle of attack and bluntness on the distribu 
tion of flow properties in shock layers of conical bodies can be useful in the 
design of hypersonic vehicles that employ lift. Information on flow proper- 
ties in shock layers is helpful to evaluate effects of flow asymmetry on con- 
vective heating, local flow separation, boundary- layer transition, and, as 
shown by the analysis of reference 1, the dynamics of entry bodies as well. 

For level-flight configurations, knowledge of effects of angle of attack and 
bluntness on shock- layer properties of the body may assist in the proper dispo 
sition of major components such as air inlets and stabilizing surfaces so that 
their effectiveness is optimized. While theoretical methods have been devel- 
oped (refs. 2, 3, and 4, for example) to estimate inviscid flows when at angle 
of attack, viscous flows, in general, require experimental evaluation. The 
present experimental investigation presents measurements of shock- layer prop- 
erties on a conical body that show effects of angle of attack and bluntness 


for viscous flows. These results are an extension of those given in refer- 
ence 5 and present in more complete form the preliminary results given in 
reference 6. Inviscid solutions of the flows are compared with experiment to 
indicate the significance of viscous effects and the limits of applicability of 
inviscid theory. IVind-tunnel measurements were made of pitot- and static- 
pressure distributions across the shock layer of a 15° semiapex cone. Angle- 
of- attack and cone-bluntness ratios were varied from 0° to 15° and 0 to 0.167, 
respectively. The free-stream Mach number was 10.6 and the free-stream unit 
Reynolds number was 1.2xl0 6 per foot. 
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SYMBOLS 

P'Poo 

pressure coefficient, 

q^ 

probe diameter 

axial length of sharp cone 

Mach number 

pressure 

dynamic pressure 

nose radius 

nose radius of bluntest model 
unit Reynolds number 
base radius of model 
cylindrical coordinates 
angle of attack 
ratio of specific heats 
semiapex angle of cone 
fraction of shock-layer thickness 

surface coordinates along and perpendicular to body, respectively 
local shock angle 

conical angular coordinate between the shock and body axis 
misalinement of the flow to the probe 
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Subscripts 


min minimum value 

max maximum value 

p pitot 

s static 

00 free stream 


EXPERIMENTAL METHOD 


Wind-Tunnel Facility 

The tests were conducted in air in the Ames 3.5-foot hypersonic blowdown 
wind tunnel at a free-stream Mach number of 10,6 and a total temperature of 
2000° R. Total pressure of the free stream was maintained at 1200 psia by a 
controller to provide a free-stream unit Reynolds number of 1.2><10 6 per foot. 
Although the free-stream flow had caloric imperfections, the effect of imper- 
fections on pitot- and static-pressure coefficients is small and the test 
results can be considered essentially those for a perfect gas with y - 1.4. 

The model was sting supported at the base as shown in figure 1. The 
angle of attack ranged from 0° to 15°. The model angle of attack and free- 
stream total pressure were programmed into a controller prior to the test and 
the operation of the tunnel was essentially automatic. Data were recorded on 
magnetic tape. Other details of the wind-tunnel facility are given in 
reference 7. 


Models and Test Procedure 

The basic model (fig. 1) was a spherically blunted cone with a nose 
radius of 1 inch, a base radius of 6 inches and a semiapex of 15°. The model 
was constructed from stainless steel and had a wall thickness of 0.375 inch. 
Bluntness ratio R/r^ was varied by attaching nose tips having radii of 
0.375 and 0 inch (sharp cone) that faired smoothly to the basic model at the 
sphere-cone tangent point. 

The model was instrumented with pitot- and static-pressure probes 
connected to absolute-pressure cells of 50 and 10 psia capacity, respectively 
The probes were mounted on fore and aft movable struts located on opposite 
sides of the model. Pitot and static pressures were measured during separate 
tests by interchanging probe and strut assemblies. The fore and aft struts 
supported two and three probes, respectively (fig. 1). Other details of the 
probes are given in figure 2. Traverses of the shock layer were made normal 
to the conical surface with the probes alined parallel to the cone generatrix 


The angular coordinate <j> was varied in increments of 30° by an axial rotation 
of the model. The model was internally cooled, and the ratio of the surface 
temperature to free-stream total temperature was about 0.3. 


Probe Interference and Flow Misalinement 

Since the local Mach number within the shock layer was supersonic, the 
probe shock wave interacted with the boundary layer when the probe was near 
the conical surface. While the effects of this type of interaction on static- 
pressure measurements appeared generally small, significant increases of pitot 
pressure were observed locally, under certain conditions, on the windward side 
of the sharp cone. Apparently in regions of extreme shear, the pitot shock 
was either not normal or multiple shocks formed at the cone surface thereby 
causing greater pitot pressures. These data have been deleted since it was 
apparent for the sharp cone that the measurements were anomalous. Interfer- 
ence effects on pressure measurements from interaction of the strut shock with 
the boundary layer were investigated by means of an oil streak technique. 
Observations of local surface flow indicated that the probes were sufficiently 
long to prevent the shock-boundary- layer interaction from interfering with the 
pressure measurements. Moreover, it was apparent that the fore-strut wake did 
not interfere significantly with the flow over the aft probes. Significant 
interference was not apparent as the probes penetrated the shock wave from 
the model and pitot pressure decreased abruptly to the free-stream value. 

Since the probes were alined with elements of the cone, misalinement to 
the local flow occurred during the traverses. For a = 0°, the greatest mis- 
alinement ip for the sharp cone occurred at the shock wave where ip = 2,5°. 
This is believed insufficient to cause relevant effects on either pitot- or 
static-pressure measurements . However, because of cross flow, i/; increased 
with increasing angle of attack. To evaluate the importance of misalinement 
for a > 0°, estimates of ip were made from extrapolations of inviscid sharp- 
cone solutions of the flow given in reference 3. These estimates are shown 
in sketch (a) for a = 10°. For the sharp cone, maximum occurs at the 
shock for (p - 100° and is about equal in magnitude to the angle of attack. 



Sketch (a) 
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Estimates of flow misalinement for blunted cones by the method of 
reference 4 indicate that maximum ip occurs at the cone surface and is about 
twice as great here as that for the sharp cone. However, these large values 
of ip apply only to that part of the shock layer adjacent to the surface, and 
near the shock, if; approaches the shock value for the sharp cone. To compen- 
sate partially for the effects of flow misalinement, static orifices were 
installed on the windward and leeward sides of the probes. However, because 
of the inherent difficulty in accurately measuring static pressure by an 
inclined probe, such measurements for large \p are considered mainly of quali- 
tative value. Pitot-pressure measurements, on the other hand, decrease very 
slowly with increasing ip; reference 8 indicates that these measurements are 
valid even for ip 20°. Since corrections to static-pressure measurements for 
flow misalinement, flow curvature, and viscous interaction were not known, the 
results are presented in uncorrected form. 


Accuracy 

At the lowest pressures measured, the precision of the pressure cells was 
about 1 percent of the measured pressure. However, because of inaccuracies in 
evaluating the free-stream Mach number, the precision of pressure coefficients 
is believed to be about ±2 to ±4 percent. Angle measurements are within ±0.2° 
and probe heights within ±0.02 inch. 


RESULTS AND DISCUSSION 


Locations of the fore and aft traverses with respect to characteristic 
dimensions of the cone are shown in figure 3. Note that the circumferential 
angle <p is measured from the most leeward conical ray. To simplify presenta- 
tion of the results, the orientation of the windward side of the model has 
been inverted so that data for <p > 90° and a > 0° will be shown reflected in 
the model horizontal plane as if obtained for a < 0°. 


Experimental Results 

Effects of angle of attack and bluntness on the distribution of shock- 
layer pitot and static pressures at the fore station, x/L = 0.280, are 
presented in figure 4. Similar results are given for the aft station 
x/L = 0.784 in figure 5. The ordinate n of these figures has been normal- 
ized by the nose radius of the bluntest model R and the position of the 
shock' wave is denoted by a horizontal bar whose length is proportional to 
bluntness. Shock-wave positions were estimated from the abrupt break in the 
distributions of pitot-pressure coefficient when the shock wave was penetrated 
by the pitots during the traverses. For some cases in lieu of pressure mea- 
surements near the shock, static-pressure curves have been extended to the 
value of static-pressure coefficient estimated by oblique-shock theory from 
the shock-wave position determined by the pitot traverse. 
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For a specified angle of attack, figures 4 and 5 show generally large 
effects of bluntness on the shock-layer pitot-pressure distributions- These 
effects are explained most simply by the results given for a = 0°. At the 
aft station, figure 5(a) shows that for a = 0° the sharp- cone pitot pressure 
increases with increasing n/R as the boundary layer is traversed, and then 
decreases in a manner consistent with inviscid sharp-cone theory as the shock 
is approached from the boundary- layer edge. Bluntness altered this basic 
sharp- cone type pitot-pressure distribution by inducing a maximum whose shock- 
layer position relative to the cone surface increases with increasing blunt- 
ness. Similar effects of bluntness can be observed at the fore station 
(fig. 4(a)) except that for the bluntest cone (R/r^ = 0.167) pitot pressure 
has its greatest value at the shock and the distribution is similar to that 
predicted by blast-wave theory. These effects of bluntness are discussed in 
detail in references 5 and 6 where it is shown from inviscid solutions of the 
flow that the shock wave of blunted cones has an inflection resulting from the 
three-dimensional thinning of the entropy layer. If the traverse station is 
aft of the shock inflection, a maximum will occur in the pitot-pressure distri- 
bution; if the traverse station is forward, the pitot-pressure distribution 
resembles that given by blast-wave theory. 

At a specified axial position, bluntness effects are significantly 
changed by increasing angle of attack. On the leeward side, figure 5(a) shows 
that for R/r^ = 0.0625, the pitot-pressure maximum approaches the shock and 
then vanishes as the shock inflection moves aft with increasing angle of 
attack. Conversely, an opposite effect of angle of attack can be observed on 
the windward side. As shown in figure 5(a) for R/r^ = 0.167, the pitot- 
pressure maximum approaches the cone surface as a -* -15°. Absence of maxima 
for R/r^ = 0.0625 at a = -5° and -10° at the aft traverse station is attri- 
buted to swallowing of the maxima by the boundary layer. Although a maximum 
is indicated for a = -15°, this may result from probe interference (see 
Experimental Method section) because of the extremely thin boundary layer. 
Similar windward effects of angle of attack on pitot-pressure maxima can be 
seen in figure 4(a) at the fore station where the x first appearance of a maxi- 
mum for R/ib = 0.167 is evident for a = -15°. For a > 0° and particularly 
a = 15°, attention is directed to the large effects of small bluntness 
(R/r^ = 0.0625) on pitot-pressure distributions at the fore station (fig. 4) 
for <j> £30° and the comparatively small effects for $ ^60°. Apparently, 
the entropy layer was thinned sufficiently by cross flow that on the windward 
side effects of bluntness diminished within a few nose radii downstream, and 
at the aft traverse station (fig. 5), large effects of small bluntness are 
evident only for <f> = 0°. 

Perhaps of equal importance to the aforementioned effects of bluntness 
are the effects on the thick boundary layers and separation patterns that 
occur on the lee side of sharp cones. From the sharp-cone traverses at 
cf> = 0° (figs. 4(a) and 5(a)) it can be seen that the boundary layer thickened 
with increasing angle of attack. The abrupt change in pitot pressure midway 
in the shock layer at the higher angles of attack indicates (fig. 4(a)) that a 
shear surface formed midway in the shock layer. In addition, the sharp-cone 
pitot pressure at the cone surface is about the same as the static pressure. 
These facts and the observed invariance of the pitot pressure with increasing 
n/R near the surface indicate that flow separation occurred at least for 
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a = 15°. Furthermore, it is apparent from traverses for <f> >_ 30° that the 
circumferential extent of the separated flow was less than 30°. Figure 4(a) 
shows that for a = 10° and 15°, bluntness alleviated the abrupt change in 
pitot pressure that characterizes the shear surface of the sharp cone. Adja- 
cent to the cone surface, the greater pitot pressures for R/r^ = 0.167 than 
for lesser bluntness indicate that for this degree of bluntness the flow 
remained attached. Flow attachment effects of bluntness will be demonstrated 
more clearly later by comparisons with inviscid theory. 

The effects of bluntness on static-pressure distributions were small 
compared to the previously observed effects on pitot-pressure distribution. 
Largest effects of bluntness on static-pressure distributions occurred at the 
fore station where it can be seen in figure 4 that on the leeward side of the 
bluntest cone (and also for a = 0°) the pressure distributions resemble pre- 
dictions by blast-wave theory. At the aft station, the distribution of static 
pressure on the lee side was essentially constant and unaffected by bluntness. 
Similarly, bluntness effects were generally small on the windward side, and 
for cj) = 180°, static pressure of the sharp and blunted cones decreased grad- 
ually as the shock was approached from the cone surface. Finally, it is of 
interest to note the large increase in shock- layer thickness on the lee side 
(figs. 4(a) and 5(a)) due to bluntness even though increasing bluntness tended 
to keep the flow attached. 


Comparisons With Theory 

Before showing comparisons of experimental shock- layer properties with 
theory, some aspects of the sharp-cone shock waves will be examined to deter- 
mine the conical nature of the experimental results. Because of the high 
Reynolds number of the test, effects of shock-boundary- layer interaction on 
the conical nature of the flow were small. However, boundary- layer growth and 
subsequent flow separation on the leeward side might have an influence and it 
is appropriate to evaluate if the shock wave was similar at the fore- and 
aft-traverse stations. 

Sharp- cone shock-wave properties .- Values of the conical coordinate 
a-6 estimated from the fore and aft traverses are shown and compared with 
theory in figure 6. Here it can be seen that values of a - 6 from the fore 
traverses agree well with those from the aft traverses. Since the greatest 
difference between the fore and aft traverses is about 0.4°, it is clear that 
the sharp- cone shocks were essentially conical even at a = 15° for which 
leeward separation occurred. Theory shown in figure 6 for a = 0° is an 
inviscid solution of the flow by the method of characteristics while that for 
a = 5° and 10° is an extrapolation to Hx> = 10.6 of numerically exact inviscid 
solutions given in reference 3 for the Mach number range 2 to 7. On the wind- 
ward side, <f) > 120, figure 6 shows good agreement between theory and experi- 
ment. However, because of boundary- layer growth and subsequent flow 
separation, theory underestimated experiment for 0° <p <_ 120° . 

Assuming the shocks were conical, estimates were made of the local 
oblique-shock angles, 0, using the experimentally faired curves of a - 6 
shown in figure 6. These estimates are compared with extrapolations of the 
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theory of reference 3 in figure 7. Good agreement between theory and experi- 
ment is shown for 0° £ a <_ 10° except on the lee side where viscous effects 
are important. In lieu of theoretical results for a = 15°, a cosine distribu- 
tion of 0 given by equation (1) was assumed for comparative purposes. 


0 + 0 . 0 - 0 . 
max min max mm 

o n COS 


CD 


Experimental values of 0 . and 0 were selected for <\> = 0° and 180°, 
respectively, and used in m equation m ff) to compute the dashed curve shown in 
figure 7. It can be seen that the experimental shock angles are closely 
approximated by a cosine distribution of 0. (The inviscid solutions of ref. 3 
also are closely approximated by a cosine distribution of 0.) It is con- 
cluded from these results that boundary- layer growth and subsequent flow sepa- 
ration did not have an unusual effect on shock shape even though separation 
may be abrupt and accompanied by imbedded shocks (refs. 9 and 10). 

Sharp- cone shock- layer properties .- Experimental pitot- and static- 
pressure distributions from the fore and aft traverses of the sharp-cone shock 
layer are compared with theory in figure 8. The ordinate n has been norm- 
alized by the surface distance from the cone apex to the traverse station £ 
so that pressure distributions are shown as functions of a conical coordinate. 
Except for the leeward separated-f low region, the distributions measured at 
the fore station agree well with those measured at the aft station (fig. 8), 
thus verifying that the shock- layer flow as well as the shock -wave shape was 
essentially conical. Agreement with theory is considered reasonably good, but 
some differences in details can be seen. For a = 0°, theory is an exact 
inviscid solution of the flow by the method of characteristics, while that for 
a = ±5° and ±10° is an extrapolation of inviscid solutions from reference 3. 

The veracity of the extrapolations has been substantiated by limited computa- 
tibns using the three-dimensional method-of-characteristics program described 
in reference 4. Although theoretical solutions were not available from ref- 
erence 3 for comparison at a = ±15°, the experimental results are shown for 
completeness. For a = 0°, figure 8(a) shows that the measured static- 
pressure distribution agrees well with theory, as well as with the surface 
measurement shown by the shaded inverted triangular symbol. The pitot- 
pressure distribution also agrees well with theory, except for a slight differ- 
ence in level, which can be seen in figure 8(a) . Reasons for this difference 
are not known; however, since static pressure agrees well with theory, the 
differences of pitot pressure imply an increase of entropy. Similar differ- 
ences exist for |a| >0°, except somewhat better agreement with theory is 
indicated on the windward side. Measurements of shock angle (fig. 6) afford 
an independent check of pitot pressure at the shock by oblique-shock theory 
and estimated values of pitot- and static-pressure coefficient by this theory 
are shown in figure 8 as half-shaded symbols. It can be seen that the oblique- 
shock estimates of pitot pressure are also greater than measured values but 
the oblique-shock static-pressure estimates agree well with measurements. On 
the windward side where the boundary layer was thin, the oblique-shock esti- 
mates differ very little from conical-flow theory as expected. Differences 
shown on the leeward side are, of course, associated with greater 
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experimentally observed shock angles. For <f> = 0° (fig. 8(a)) and a = 15°, 
the oblique-shock estimate of pitot-pressure coefficient is about 35 percent 
greater than measured. While this difference may seem large, it could accrue 
from only about 1.5° difference in shock angle. However, since the measured 
shock angles agree within about ±0.4°, it appears that the loss of pitot pres- 
sure may be associated with a slight entropy increase within the shock layer. 

Observed differences between theory and measured pitot pressure adjacent 
to the cone surface are, of course, due to the boundary layer, since the 
theory is inviscid. Figure 8 shows that for | ot | > 0° the thin entropy layer 
predicted by theory (as shown by a fairly abrupt decrease of pitot pressure 
adjacent to the surface for 30° <_ 4> <__ 150°) was essentially swallowed by the 
boundary layer. Finally, from the measured pitot-pressure distributions at 
the fore and aft stations it can be seen in figure 8(a) that on the lee side 
for a = 10° and 15° the flow in the shock layer was not conical. Apparently, 
because of viscous dissipation and turbulent mixing, the thickness of the 
separated flow relative to that of the shock- layer thickness decreased with 
increasing axial distance. As can be seen from figure 8, however, this 
departure from conical flow was restricted to <f> < 30°. 

Blunted-cone shock- layer properties .- Measured distributions of shock- 
layer pitot and static pressures will be compared first with an exact inviscid 
solution of the flow by the three-dimensional method of characteristics pro- 
gram of reference 4. Comparisons then are made with an approximate method 
that can be applied on leeward and windward rays. Since solutions of blunted- 
cone flows at angle of attack by the three-dimensional method of characteris- 
tics entail significant computing time, comparisons with this theory are 
limited to one angle of attack, a = 10°. This comparison is shown in figure 9 
for R/r^ = 0.167 at two axial stations. Note that traverse stations are 
measured from the nose and given in terms of nose radii (see fig. 3) . Also, 
the theoretical solution is for Ma> = 10 rather than the experimental value 
Moo = 10.6. This slight difference in Mach number between theory and experi- 
ment is irrelevant to static-pressure comparisons but because of it, the 
theoretical distribution of pitot-pressure coefficient is low by about 2 or 
3 percent . 

With minor exceptions, figure 9 shows generally good agreement between 
theory and experiment. At the fore station, x/R = 3.4, figure 9(a) shows that 
the measured pitot pressures agree closely with theory even on the lee side. 
Farther aft at x/R = 14.7 (fig. 9(b)), viscous effects on the lee side 
appear more prominent but the measured distributions of pitot pressure resem- 
ble those predicted by theory. On the windward side, viscous effects are 
small and it is noteworthy how closely details of the measured pitot-pressure 
distribution including the maximum pitot pressure and the shock position are 
predicted by theory. However, exceptions to this good agreement can be seen 
for example in the comparison of pitot- and static-pressure distributions with 
theory in figure 9(b) for <J> = 120° and 180°, respectively. Here, anomalous 
differences arise mainly from a shift in level of the measured pressures that 
may be due to experimental inaccuracies. 
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Numerical difficulties associated with thinning of the entropy layer 
curtailed solving for the flow by the three-dimensional method of characteris- 
tics at a station forward of the most aft blunted-cone traverse, x/R = 43.9 
(see fig. 3). Comparisons therefore are made with an approximate method 
designated the equivalent-body theory. This approximation has been shown 
previously (refs. 2 and 6) to yield adequate accuracy for preliminary compari- 
sons. In essence, the flow at angle of attack is approximated by an equiva- 
lent axisymmetric flow over a blunted cone whose cone angle equals the surface 
inclination of the inclined blunted cone. Because of the effects of crossflow 
for large x/R, comparisons by this method are limited to the flow along lee- 
ward and windward rays only. However, since solutions of axisymmetric flow 
are achieved readily, comparisons are made for several angles of attack and 
axial stations. 

Figure 10 shows a comparison of pitot- and static-pressure distributions 
predicted by equivalent-body theory with experiment. To assist in judging the 
adequacy of equivalent-body theory, figures 10(b) and 10(f) also show predic- 
tions presented previously for a = 10° and = 10 by the three-dimensional 
method of characteristics. These comparisons demonstrate that equivalent-body 
theory provides a good estimate of shock- layer properties for axial stations 
near the nose. At larger x/R, equivalent-body theory gives reasonable esti- 
mates of shock- layer properties but there are differences in details. If 
a = 0°, equivalent-body theory is, of course, the appropriate axisymmetric 
solution that can be compared with experiment to show viscous effects. For 
this case figure 10(d) indicates that at x/R = 3.4 the boundary layer was 
thin and theory agrees closely with experiment. For x/R = 14.7 and 43.9, on 
the other hand, theory slightly overestimated the distribution of pitot- 
pressure coefficient. On the windward side for x/R = 43.9, figure 10 shows 
that as a -* -15° equivalent-body theory overestimates the distance to the 
shock and the level of static pressure, and tends to underestimate the distri- 
bution of pitot pressure. These shortcomings for large x/R are inherent in 
this method since it is basically a tangent-cone approximation. Leeward, fig- 
ures 10(e) to 10(g) indicate that for x/R = 3.4 at least, the boundary layer 
was relatively thin and the flow remained attached as shown by the generally 
close agreement of pitot pressure with theory. However, with increasing x/R, 
agreement with theory is not as good and it is apparent that some measure of 
flow separation was incurred at x/R = 43.9. 


CONCLUDING REMARKS 


Experimental results demonstrate the more salient effects of varying 
nose-bluntness ratio on the shock- layer properties of a 15°-semiapex cone. 
Tests at angle of attack show that for = 10.6 and Re* = 1.2xl0 6 per foot 
the shock-layer properties of the sharp cone are essentially conical except 
for the separated flow on the lee side. Shock- layer pitot- and static- 
pressure distributions of the sharp cone agree reasonably well with inviscid 
conical flow theory. 
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Increasing bluntness ratio causes progressive departures of shock- layer 
properties from conical flow and alters the pattern of flow separation on the 
lee side. For large angles of attack the flow over the lee side of the 
blunted cone remains attached for several nose radii downstream before separa- 
tion develops. When the flow was attached, inviscid theory adequately 
predicts the shock- layer properties of the blunted cone. 


Ames Research Center 

National Aeronautics and Space Administration 
Moffett Field, Calif., 94035, Aug. 14, 1968 
129-01-03-10-00-21 
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Figure 1.- Model mounted on the sting support in the Ames 3.5-foot wind tunnel 
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Figure 2.- Details of pitot- and static-pressure probes. 
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Figure 3.- Geometrical details of the cone traverse stations. 



Figure 4.- Effects of bluntness and angle of attack on the shock- layer 
properties of the 15° cone at the fore traverse station; x/L = 0.280, 
= 10.6, R = 1 inch, r b = 6 inches. 
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(b) <p = 30° 
Figure 4.- Continued. 


17 





(c) 4) = 60° 
Figure 4.- Continued. 


18 



3.2 
2.8 
2.4 
2.0 
1.6 

1.2 
.8 
.4 


iPynnijy 

' :: 

: : ■ : ■■■ ■ :: 
' ' : : : " 

PM: 

iiiiiiiiiiiii iiiiiiiii-iiii 


: _ H 

; ■ p !!: - : inifi nP : ;M . 

. 

. : M . : ^ 

V . I, ^ ■' ;nj| ; :i . : . - 

liimilliiiili 

iiiliiliiiHSilliiiiliiii!; . 

: - 

' ' • ' '' '' ' 

; : \ : ■ \ : ;M : ^ 



3.2 
2.8 
2.4 
2.0 
1.6 

1.2 
.8 
.4 
0 

3.2 
2.8 
2.4 
2.0 
1.6 

1.2 
.8 
.4 



0 123456789 

0 .1 .2 .3 .4 C Pp 

Cp s 


(d) <J> = 90° 


Figure 4.- 


Concluded. 
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(a) 4) = 0° 

Figure 5.- Effects of bluntness and angle of attack on the shock- layer 
properties of the 15° cone at the aft traverse station; x/L = 0.784, 
Moo = 10.6, R = 1 inch, r b = 6 inches. 
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(b) <j> = 30° 
Figure 5.- Continued. 
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Figure 5.- Continued. 
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Figure 5.- Concluded. 
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Figure 6.- Comparison of experimental values of a - 6 for the sharp cone 

with theory; M OT = 10.6. 
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Figure 8.- Comparison of sharp-cone shock-layer properties with theory 
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Figure 8.- Continued 
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(a) Fore-traverse station, x/R = 3.4. 

Figure 9.- Comparison of blunted-cone shock-layer properties with three 
dimensional characteristics theory at a = 10°, R/ru = 0.167. 































